Silage has been widely used in dairy production. However, little is known about its use at production level. The goal of this study was to characterize production and usage of silage for the dairy farming in Western Santa Catarina state. Thirty farms were selected randomly by their geographical location, in 11 municipalities of the West of Santa Catarina state, and they were invited to participate in the research. Out of these 30 farms, 6 did not have any dairy activity, and 2 preferred not to participate in the research, thus were not included. Semi-structured interviews and on-site visits were then performed. All data were analyzed with the software R version 3.2.2. 95% of the farmers produced and fed silage to animals. Out of the 22 farmers participating in the study, 82% provided silage for dairy cows during the whole year; in 86% of these farms, the silage was fed right after milking, in an average amount of 6.06 ± 0.63 kg DM (dry matter) AU -1 (animal unit, 500 kg) day -1 . The average area used for maize production was 8.46 ha, representing 59% of the area destined to dairy farming. The average silage production was 8.8 and 7.6 t ha -1 year -1 in the season and off-season crop respectively, without significant differences. In most silage production areas, the no-tillage system is adopted, with the use of pesticides, chemical fertilization and transgenic seeds, without soil covering or crop rotation. Farms that fertilized maize based on soil analysis had the greatest silage yield, compared to the ones that fertilized without relying on soil analysis. The use of different types of pesticides and fertilizer quantities was not correlated to the silage production volume. Overall the production systems and the quantity of silage produced and fed to the cows do not follow technical criteria; thus silage yield and use could be improved if following strategies to better allocate crop inputs. Key words: Maize cultivation. Milk. Pesticide. Silage density.
Introduction
Apart from pasture, maize silage is, perhaps, the main feed supplied to dairy cows in the South of Brazil. In the Western Santa Catarina state, one of the most important and growing dairy region in Brazil (IBGE, 2015) , this is not different (BALCÃO et al., 2017; COSTA et al., 2013; HONORATO et al., 2014; KUHNEN et al., 2015) . In this region dairy production is characterized by a great diversity of systems with different herd size, breed and feeding strategies; which may be categorized into four production systems: the extensive system, the conventional pasture-based system, the semiintensive system (BALCÃO et al., 2017) and the organic system (COSTA et al., 2013; HONORATO et al., 2014; KUHNEN et al., 2015) . In the "organic system" category, most farms use the Voisin's Rational Grazing RIBAS, 2013) ; a type of intensive pasture management.
Technically, the goal to feed silage to cattle is to compensate the pasture deficit in quantity and/ or quality, due to the seasonal differences in pasture yield and nutritional value (GOMES et al., 2004; MITTELMANN et al., 2005) , or during periods of heat stress (KAISER et al., 2004) . Currently, however, it is apparent that farmers are using silage as a strategy to increase milk production and, in many cases, regardless of pasture quality and time of the year (KUHNEN et al., 2015) . Increasing use of maize silage has been correlated with higher milk production (PÉREZ-PRIETO et al., 2011) , but also with rising environmental impacts (BACENETTI; FUSI, 2015; BASSET-MENS et al., 2009) , which is of concern of researchers and field technicians. In pasture based systems, excessive use of silage may promote the substitution of pasture by silage (PENNO et al., 2006) , increasing production costs further.
Maize silage use for dairy production is of great importance in other regions of the country In Santa Catarina, silage production has been increasing in recent years, representing approximately 213 thousand ha in the 2015/2016 harvest (SANTA CATARINA, 2017) .
One of the reasons maize silage is so widely used, is its high productivity, even though with great variation depending on climate, season, fertility of the soil, genetics and fertilization. The interest in maize silage for dairy cattle usage has been growing lately, due to some advantages in relation to other crops. Not only maize crop deliver a higher amount of mass per hectare than other crops, such as barley, but also has a higher energy concentration (GUYADER et al., 2017) . Moreover, the use of maize silage to feed cattle, in comparison with barley or ryegrass silage, result in a reduction of 8-14% of CH 4 enteric from the cows (BENCHAAR CH4 et al., 2014; VAN MIDDELAAR et al., 2013) .
The growing use of maize, its nutritive value and positive environmental effects compared to other crops, show the importance of its silage use for dairy cattle. However, it lacks information on the specificity of its production and use by farmers. The apparent use of silage as a strategy to increase milk production and, in many cases, regardless of pasture quality and time of the year, deserves further investigation. Therefore, the objective of this study was to characterize and understand how silage is produced and the strategies of its use by dairy farmers in Western Santa Catarina state.
Material and Methods
The study was approved by the human research ethics committee of the UFSC (CAAE: 51878115.3.0000.0121), and conducted in 11 municipalities of Western Santa Catarina state 3 , in April 2015 and January 2016. Thirty farms were selected randomly within these municipalities, according to the following steps: the area of interest was divided by the number of proprieties participating in the study (1807.33 / 30 = 60 km -2 ). After that, the square root of the quotient ( ) was calculated in order to define the distance between the farms to be chosen. This distance was transformed in a proportional scale for the "here maps 4 ". For every corresponding distance, a dot was marked on the map and then adjusted to the head office of the closest farm and inserted in the GPS toll "here maps ® " and then visited. The study was conducted in 22 out of the 30 farms (Figure 1 ), since in six of them there was no dairy production, and two did not want to participate. All the farms in this study are located in Western Santa Catarina, in a Cfa and Cfb climate (ALVARES et al., 2013) . 
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During the first visit, the areas for silage production were measured, and so were the characteristics piranga, São João do Oeste, Tunápolis, Iporã do Oeste, Descanso, São Miguel do Oeste, Barra Bonita, Santa Helena, ndeirante, Paraíso and Belmonte. The total area of these cities is 1807.3 km², based on data from p://www.sc.gov.br/municipios, accessed on 12/05/2015.
Data were collected in two visits performed in each farm, April 2015 and January 2016. During each visit, an interview and an on-site check of the silos and the silage crop areas were performed. Interviews were based on semi-structured questionnaires, collecting the information on: general data of the property (area, number of cows, milk production, pasture area and management, animal feeding regime and feedstuff); silage production (area used, production system, seed type, quantity and type of fertilizer used, quantity and type of pesticide used, yield, silo type and covering, reasons for the use of silage); silage feeding regime (quantity per animal, time of the day, time of the year, place): concentrate feeding regime (quantity per animal, time of the day, time of the year, place).
During the first visit, the areas for silage production were measured, and so were the characteristics and sizes of the silos. During the second visit, silage samples were collected in order to analyze their density and dry matter percentage. The silage quantity given to animals was reassessed.
The estimated amount of nutrients applied in the culture of maize was obtained multiplying the quantity of used chemical and/or organic fertilizer by its concentration. In order to quantify the main nutrients in animal manure the following quantities were considered: for liquid swine manure 2.88 Kg SCHERER et al., 1996) , 2.4 kg phosphorus (P) m -³; broiler litter, 3% N and 3% P (CQFS-RS/SC, 2004).
In order to estimate the silage yield, all silos filled during the 2014/2015 season were measured. The volume of each silo was calculated through the software SketchUp Pro 2014
®5
. Only open silos were sampled to estimate silage density (SD) and DM, what happened in 16 farms that had their silage assessed for DM and SD. Estimate of the silage mass of empty or closed silos was made using DM and SD from silos of the same farm. In the five farms where the silos were empty, the average SD and DM of the 16 sampled silos were considered (SD=549.7 kg m -³, and DM= 33%). One farm do not produce silage.
Sample collection and estimation of SD was carried out at three heights of the silage face. For the upper part (0 to 30 cm) a sample was collected at 15 cm from the silo upper edge. For the bottom, a sample was collected at 25 cm from the bottom of the silo, and for the middle part of the silo a sample was collected in the middle of the silage face. The samples were collected using a PVC ring 10 cm in diameter and 15 cm long, introduced under pressure to remove a known volume of silage. The material was weighed with a precision scale and the SD of each sample was calculated by dividing the weight by the sample volume. These three samples were then mixed and a sub-sample of approximately 300 grams was sent to the laboratory to oven drying at 60 °C for 72 h to calculate DM.
The statistical analyses were performed using the R software, version 3.3.2 (R CORE TEAM, 2016). Silage yield, density, amount of silage, as well as concentrate, and milk yield were normally distributed; assessed via Shapiro-Wilk test (SHAPIRO; WILK, 1965) . The comparison of silage production averages in relation to the pesticide type and to the use of soil analysis was obtained by Tukey's test (p<0.05). The comparison of silage production averages in the season and off-season crop was obtained by t test (p<0.05). A regression analysis of the amount of silage and concentrate supplied (kg of DM/cow/day) as an independent variable on the milk production (t/ha/ year and t/cow/year) as the dependent variable, was performed using geom_smooth with lm method by ggplot2 packpage (WICKHAM, 2016) .
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Characterization of silage production and the use by dairy farmers in the West of Santa Catarina state
Results and Discussion
The farms that participated in this study had an average area of 24.76 (Q1=15.0; Q3=28.75) ha of their own land and 24.2 (Q1=17.25; Q3=29.75) cows. The average productivity of these cows in 2014 was 4360 (Q1=3600; Q3=4680) L cow -1 year -1 , whereas the milk productivity per area occupied by the activity was 8830 (Q1=5790; Q3=11490) L ha -1 year -1 . These data are similar to the ones found by Kuhnen et al. (2015) and SANTA CATARINA (2017), indicating that the studied farms are representative of the region. In relation to the types of silos, 33 bunker-type silos were found (29 with no covering and four with masonry covering) and 28 stack-type silos.
In only three, out of the 22 assessed farms, silage supplementation is restricted to periods of pasture scarceness (Table 1) , as a resource to reduce the effects of the seasonal pasture deficit. On the other hand, concentrate is supplied year round in 21 of the farms. Other recent studies have shown a tendency for conventional intensive production to use silage and concentrate year round and organic and / or pasture based production mostly during the periods of pasture scarceness (BALCÃO et al., 2017; KUHNEN et al., 2015) . In the Western Center region of Paraná, 100% of the researched dairy establishments provide maize silage throughout the year for animals (SILVA et al., 2015) . In contrast, in Minas Gerais 77% of the dairy farmers provide silage only during the dry season, while the other 23% supply it during the whole year (BERNARDES et al., 2013) . Regardless of the management system almost all dairy farms rely on maize silage for at least part of the year. As we found in this study, in most farms there is a generalized use of silage year round, showing the relevance of its use for the dairy industry. In 21 farms silage was provided right after the morning and afternoon milking; only in one farm silage was fed once a day. Concentrate is also given after milking, together with the silage, in most farms (Table 1) . Giving silage and feeding right after milking is coincident with the time when cows present higher grazing events (TAWEEL et al., 2004) , and may affect pasture intake, once the size of the bit and grazing time are inversely proportional to the filling of the rumen (GREGORINI et al., 2008) . Therefore, cows may reduce pasture ingestion depending on the amount and timing of the supplement received. High quality pasture may reduce the substitution rate (PENNO et al., 2006) , whereas offering silage 1h before grazing increase substitution rate compared to 9h (AL-MARASHDEH et al., 2016) .
The amount of silage and concentrate supplied per lactating cow (AU, animal unit) and per day averaged 6.06 ±0.63 and 3.09 ±0.41 kg of DM, respectively, in the 21 farms. There is a high variation in the amount of silage fed per day in the assessed farms. In 11 farms, silage fed was lower than 5 kg AU -1 day -1 , whereas in 2 farms the amount was higher than 10 kg AU -1 day -1 . In this study the amount of silage and concentrate fed per day was higher compared to that found by Kuhnen et al. (2015) on their organic and low-input farms, while their high input farms provided cows with greater amount of silage and concentrate. This difference can be explained by sampling methods, since Kuhnen et al. (2015) sampled eight establishments for each production system, while in our study we haven't made differentiated for production systems.
The use of both (silage plus concentrate) had a positive effect on milk production per cow (y=2.57+0.20x; p<0.001; R²=0.46), and per area (y=5.04+0.435x; p<0.01, R²=0.27) (Figure 2) . However, these results must be evaluated carefully, once a positive regression was found between the amount of silage and concentrate fed to the cows (y=1.73x; p<0.001; R²=0.88). The performed correlations do not "separate" supplying one or the other. As an observational study, it wasn't possible to avoid silage and concentrate having a confounding response in milk production, since both maize silage and concentrate have higher energy content than pastures (NRC, 2001). There is great variation on the response of amount of silage fed per cow, which seems to be related to pasture quality. Feeding 8 kg DM of a mixture 7:1 of maize silage and soybean meal for lactating cows either on a low or high quality pasture, had different effects on pasture consumption and milk production. When grazing low quality pasture, cows reduced its consumption to a rate of 0.51 (decrease of pasture DM ingestion per kg of silage DM), and increased milk production by 5.3 kg day -1 . On the other hand, when grazing high quality pasture and the same supplementation, cows reduced the consumption of pasture to a rate of 0.75 and milk increase by only 1.4 kg day -1 (PÉREZ-PRIETO et al., 2011). Likewise, cows grazing a fresh paddock everyday under rotational grazing increased milk production by only 1.4 to 1.6 kg cow -1 day -1 in response to 5.6 to 6.6 kg of silage (DM) daily supplement (FERRIS et al., 2008) . In this study it was noted that the amount of silage and concentrate used by the farmers are not based on the nutritional needs of cows, since the offered quantity is quite even within each farm during the whole year, regardless of cow's milk yield, lactation stage or pasture quality, and with no technical guidance. In only one of the farms cows' nutrition is oriented by a qualified professional. Nevertheless, in this farm the quantity of silage consumed by cows was unknown, not collectively nor even individually. When the interviewees were questioned about the reasons why they used this quantity of silage, answers were quite varied and controversial; the farmer "JT" said that he made a lot of silage because if he had pastures in areas very far from the milking room, cows would spend a lot of energy walking, and the farmer "HG" stated that it is a pity to produce pasture in plain areas close to home, because with silage he can get much more volume. Similarly, the answers to justify the quantity of silage they are using are discrepant: The farmers "RW" and "GR" state that the use of silage gives more stability to the rumen function and the milk production, whereas farmer "CG" says that he uses silage to meet energy needs in the cows' diet and, thus, guaranteeing good milk production.
These different responses show a heterogeneous knowledge about the use of silage, suggesting the need for greater dialogue among research, extension and farmers, for a more rational use of this resource. Silage has become, perhaps, the most important feed for dairy cattle in Western Santa Catarina, but this fact did not come with technical standards. This lack of criteria may cause an increase in production costs, a decrease in the production response in relation to the silage consumed by animals and a reduction in the sustainability of the activity.
Silage production is present in almost all dairy farms, and most of them produce it twice a year once in the season crop and once in the off-season crop. In all farms studied the silage is made out of maize, and occupy more than 50% of the area designated to dairy activity. The silage produced in the assessed farms is used internally. Data about silage area (season and off-season crop), about the percentage of the silage area in relation to pasture area, as well as about the silage yield are in Table 2 . * n = number of farms; **SE = Standard error; ***CV% = Coefficient of Variation.
To our knowledge there are no studies evaluating the volume of silage per area; therefore the comparison will be with studies evaluating the silage yield performed in the Southern region of Brazil. During the ensiling process, which begins with cutting plants to the closure of the silo, there may be significant losses due to fermentation, which may vary from 3% to 10% (JOHNSON et al., 2002; KLEINSCHMIT; KUNG JÚNIOR, 2006; OLIVEIRA et al., 2010) , and physical losses, which may vary from 20 to 34% (MCDONALD, 1991) . Carvalho (2013) observed that most silos presented severe losses by effluents and a deteriorated layer on their upper part. In several experiments conducted in the state of Paraná, during the 2000/01, 2002/03 and 2006/07 harvests, it was possible to obtain productivities between 12.8 and 17.5 t ha -1 (LUPATINI et al., 2004) , 14.4 to 22.9 t ha -1 (NEUMANN et al., 2005) and 12.0 to 12.5 t ha -1 (CASTOLDI et al., 2011) . In a study conducted in Southwestern Paraná, whose climate is similar to the one in Western Santa Catarina, Paula et al., (2016) found an average productivity of 12.3 t DM ha -1 of maize in the 2011/12 harvest. In another trial in the North of Paraná a production of 9,6 t DM ha -1 was reported (MORAES et al., 2013) . The average silage yield in a study conducted in 7 places in Southern Brazil, ranged from 11.3 to 14.8 t ha -1 (MITTELMANN et al., 2005) . Considering a 30% loss in the ensiling process, the data obtained in our study are similar to the ones reported in the recent literature.
Only two farms did not use transgenic seeds for the production of silage (Table 3 ). This fact was already mentioned by Honorato et al. (2014) and Kuhnen et al. (2015) as one of the challenges to enable the organic production, since it is not allowed for organic producers to feed animals with transgenic feed. Therefore, the farmers are required to produce all non-transgenic feedstuff in farm and take care of the cross-contamination from others in its own crops. As for the planting system used in the farms, it was possible to observe the use of a system identified as "no-tillage with straw covering", but that differs in most farms due to the lack of soil covering ( Table  3) . No-tillage is a cultivation system without soil plowing, with the presence of covering with residues from cultures and that may promote positive changes in fertility (FREIRE et al., 2001) . The intensive use of land, according to the opinion of the interviewees, is not allowing the maintenance of the proper soil covering at the time of planting. In 60% of the farms (Table 3) , planting is performed after the grazing of pastures by the animals or in conventional system, therefore, without soil cover. The constant removal of the produced biomass also affects negatively the quality of soil, reducing soil organic carbon (SOC), depending on the soil type LAL, 2007 LAL, , 2008 BLANCO-CANQUI et al., 2006; LAIRD; CHANG, 2013) . Ploughing perennial pasture into silage of maize generate a non-recurrent emissions of 913 kg de CO 2 eq t-¹ fat-and-proteincorrected-milk, and contributes for global warming ( VAN MIDDELAAR et al., 2013) .
As for crop rotation, it was possible to observe that it is a practice not commonly used in the farms researched. Crop rotation was only used in two farms (Table 3) , whereas in 11 farms, the interviewees answered that they practice crop rotation, but they do it without alternating plant family (i.e. the rotate maize with grass, all species of the same family (Poaceae)). In most cases, silage is always made on the same area and, in many cases, with two maize harvests (season and off-season crop), followed by pastures. The absence of crop rotation practices may lead to degradation, through aggregation and erosion, and to loss of fertility, as shown by an 11-year experiment about the effects of crop rotation lack which led to a significant production decrease, whereas with the rotation, production remained stable (LOMBARDI-NETO et al., 2002) . Most farmers say that they do not practice crop rotation because they do not have a proper area for that, which shows a certain awareness of the need to adopt this practice.
The use of pesticides in the cultivation of silage maize is also a rule in the current systems of the region; just one of the farms did not use pesticides and in 65% of the farms more than one pesticide is used (Table 4) . Brazil is a world leader in pesticide consumption, and in spite of the existence of maximum residue limits for herbicides, insecticides and fungicides on pastures used in the nutrition of animals, there is little evaluation of the existence of this kind of residues in the milk consumed by the population. As a possible consequence, the presence of organophosphates in milk is frequent (BASTOS et al., 2011) , and pesticide residues were found even in organic milk (GRANELLA et al., 2013) . Despite the dangerous consequences on the farmers' family and on consumers, the use of pesticides did not have an impact in the production, as can be seen in Table 4 . The use of pesticides often has the justification of a great concern in maintaining the culture "clean", that is, free from other plants, diseases or pests, but it does not necessarily affects productivity, depending on other performed managements. The presence of spontaneous plants or pastures, or pests and diseases attacks, during the development of the maize culture, may not affect significantly its production. in the off-season crop. The N quantity recommended for the production of maize for silage follows the same recommendation of grain production, and varies from 30 to 80 kg N ha -1 , according to the availability of organic matter (OM) and the previous cultivation, for a production up to 12 t ha -1 . On top of that, it is recommended to add 20 kg ha -1 of N for each biomass t (CQFS-RS/SC, 2004). Since the availability of OM is directly correlated to the level of SOC in the soil (PRIBYL, 2010) , its reduction implies the need to increase nitrogen fertilization, implying in this way a higher emission of N 2 O and CO 2 .
In this study, no correlation between the applied quantity of N and the silage production was found, nor between the applied volume of P and K and the silage produced. Our results are not in line with what is usually reported in the literature: a significant correlation between nitrogen doses and silage production (DAMIAN et al., 2017; NEUMANN et al., 2005; ZAVATTARO et al., 2012) . This apparent discrepancy, is probably explained by the fact that most farmers used high amounts of fertilizers but not based on technical criteria and guidance.
The lack of criteria for the correct use of fertilizer can result in an unnecessary increase in greenhouse gas (GHG) emissions, contributing to climate change, as well as impacting on water contamination. The non use of technical criteria to fertilize maize crops destined to silage can be seen in this study (Table 5) , since only 5 establishments used soil analysis to plan fertilization. Interesting, the use of fertilizers based on soil analysis resulted in higher silage production, when compared to fertilization without soil analysis, especially in the season crop. The importance of an accurate fertilization can be noticed in a study by Giuliano et al. (2016) , where they showed that a reduction in the use of nitrogen fertilizer and herbicides did not affect production, but decreased GHG emission and energy expenditure. Soil analysis is one of the main means to determine the need to apply fertilizers on annual cultures (CQFS-RS/SC, 2004). The effects of an inappropriate and excessive use of fertilizers go beyond production costs and, in addition, they impact on the increase of greenhouse gas emissions (DE BOER et al., 2011) and other environmental externalities. 
Conclusions
Milk production in Western Santa Catarina is very dependent on maize silage, even in pasture production systems. The farmers seem to rely heavily on maize silage as a mean to ensure annual availability of feed and to increase milk production, although they lack the use of technical criteria for the production and supply of silage to dairy cows.
As a result, there is an unnecessary increase in the cost of dairy production and potential contamination of the environment in the West of Santa Catarina. Overall the production systems and the quantity of silage produced and fed to the cows do not follow technical criteria; thus silage yield and its use could be improved if following strategies to better allocate crop inputs.
